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METHOD OF AND DEVICE FOR EVALUATING RESIN USING 
INJECTION MOLDING MACHINE 

BACKGROUND OF TIIE INVENTION 

1 . Field of the Jtoventioii 

The present invention relates to a method of and an apparatus for 
detecting, analyzing and evaluating characteristics of resin as molding material 
using an injection molding macliiae. 

2. Description of the Related Art 

It is necessary to set a large, variety of molding conditions for 
performing an injection molding operation using an injection molding machine. 
It takes a long time and requires sufficient experiences to obtain non-defective 
products by setting optimum values for the molding conditions. Even if a 
J*? kind of the resin for use in the injection molding operation is the same, 
q characteristics of the resin have deviation in different lots and defective 
W molding may occur because of the deviation. 

It has been developed a pre ssure curve following control for controlling 
the injection pressure based on a velocity of the servomotor in learning a gain 
of the control system so that the injection pressure follows the pressure curve 
obtained in injection producing a n jn-defeulive article. In this control, 
non-uniformity of melting characteristics of the resin in the same lot are 
absorbed to ensure stability of the molding operation. However, in the case 
where the temperature of the resin varies greatly, there is a possibility of 
causing a defective molding by an excessive correction of the injection velocity 
and therefore it is necessary to set a limit on the correction. It is assumed thai 
this is caused by a fact that the control is performed considering only a velocity 
dependency factor of the resin pressure characteristics which includes the 
velocity dependency factor and the temperature dependency factor. In order 
to expand an applicability of this control, it is necessary lo clarify the resin 
pressure characteristics with respect to the velocity dependency factor and the 
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temperature dependency factor and to take the temperature dependence factor 
into consideration. 

As a conventional method of obtaining flux characteristics of the resin, 
there is known a method of measuring the resin chmaelciistios* such as 
viscosity of resin, with respect to shearing velocity using a special resin 
characteristic measuring device. 

In the case uf delennining si difference of the characteristics of resin 
using an injection molding machine without the special measuring machine, 
there is known only a method of determining the resin characteristics by 
comparing the reference pressure curve and the actual pressure curve. 

However, in the method of determining a difference in Ihe resin 
characteristics of different lots by comparing the pressure curves, there is a 
problem of only a relative difference of resin characteristics in the resin of 
different lots is obtained and absolute characteristics of resin can not obtained. 
In the method of measuring the res in character! sties using the special resin 
characteristics measuring device, since it is difficult lo produce Ihe condition 
same as that in the actual molding operation, i.e. 3 the condition that the molten 
resin of high temperature and high injection velocity, it is hardly possible to 
obtain practical results of measurement. 

SUMMARY OF THE INVENTION 

* An object of the present invention is to provide a method of and a 
device for analyzing characteristics of resin using an injection molding 
machine. 

According to a first aspect of the present invention* a icsin evaluation 
method for an injection molding machine comprises the steps of: setting 
analysis conditions including an injection velocity condition and a resin 
temperature condition; performing injections of resin using the injection 
molding machine under the set analysis conditions; and obtaining a degree of 
resin-temperature dependency of a resin pressure and/or a degree of velocity or 
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flow-rate dependency of a resin pressure based on a relationship between the 
resin pressure and a screw position or a relationship between the resin pressure 
and an elapsing rime from a start of injection obtained in said injections of 
resin. 

According to a second aspect of the present invention, an 
interdependency relation of the resin pressure with respect to the resin 
temperature and an injection velocity or a flow rare of resin is obtained based 
on a relationship between the resin pressure and a screw position or a 
relationship between the resin pressure and an elapsing time from a start of 
injection in the injections of resin. 

According to a third aspect of the present invention, a resin evaluation 
method fui an injection molding machine comprises (he steps of: performing a 
predetermined times of injections on condition of a resin temperature 
automatically altered successively, and an injection velocity automatically 
altered successively on each condition of the resin temperature; detecting an 
injection pressure in each of the injections; obtaining data of the injection 
pressing the injection velocity and the resin temperature in each of the 
injections; and automatically obtaining an interdependency relation of the resin 
pressure with respect to the resin temperature and the injection velocity or flow 
rate of resin based on combinations of the data of the injection pressure, the 
injection velocity and the resin temperature in the injections. 

The screw position and the injection pressure may be detected at every 
predetermined period in each of injections, and the interdependency relation is 
automatically obtained as a function of the screw position or an elapsing tone 
irom a start of injection. 

The injection pressure may be detected at predetermined positions or 
predetermined points in time elapsing from a start of injection in each of the 
injections, and the data of the injection pressure, the injection velocity and the 
resin temperature are obtained in each of the injection. 

The injection of resin may comprise an air shot of injecting resin in air 
without a mold attached to the injection molding machine. 

The interdependency relation may be obtained according to an equation 
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expressing the resin pressure using; a power function of the injection velocity or 
the flow rate of resin, and an exponential function of the resin temperature. 
The degree of resin temperature dependency of the resin pressure and the 
degree of velocity or flow rate dependency of the resin pressure may be 
obtained based on the obtained equation. 

The resin pressure may be detected by a pressure sensor for detecting 
resin pressure at a nozzle of the injection molding machine or a pressure sensor 
for detecting resin pressure applied lu (he screw. 

The relationship between the resin pressure and the screw position or 
the relationship between die resin pressure and the elapsing time from a start of 
injection arc expressed by the resirt pressure at. set screw positions or (he resin 
pressure at set points in time elapsing from a start of each injection. 

The resin temperature condition may be represented by a jaozzle 
temperature or a cylinder remporature. 

Further, the present invention piovide a resin evaluation device using 
an injection molding machine for aairy out die above method of evaluating 
resin. 

BRIEF DESC RIPTION OF Tim DRAWIN GS 

FIG- lis a graph showing a lcsidl of measurement of an injection 
pressure at respective screw positions on conditions of different resin 
temperatures and a constant injection velocity; 

FIG, 2 is a graph showing 2 resnlr of measurement of an injection 
pressure at respective screw positions on conditions of different injection 
velocities and a constant resin temperature; 

FIG. 3 is a graph showing a relationship of the injection pressure and 
the resin temperature at icspeclive screw positions based on the relationship as 
shown in FIG. 1; 

FTG. 4 is a graph showing a relationship of the injection pressure and 
the injection velocity at respective .ncrew positions based on the relationship as 
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shown in FIG. 2; 

FIG. 5 is a graph showing ihe relationship as shown in FIG. 3 with an 
axis of ordinate lepiesculiug logarithm of the injection pressure; 

FIG. 6 is a graph showing the relationship as shown in FIG. 4 with an 
axis of ordinate representing logarithm of the injection pressure; 

FIG. 7 is a. diagiaiu showing a correlation among the injection pressure, 
the resin temperature and the inject ion velocity in three-dimensional expression 
tor visual judgment; 

FIG. 8 is a block diagram of a controller of an injection molding 
machine for constituting a lesin evaluating device for carrying out the resin 
evaluating method of mo present invention; 

FIG. 9 is a flowchart of data collection processing for the evaluation of 
icsin according to a first embodiment of the present invention:, 

FIG. 10 is a flowchart of processing of data collection and data analysis 
for the evaluation of resin accordin g to a second embodiment of the present 
invention; 

FIG. 11 is a flowchart of processing of dala collection and data analysis 
for the evaluation of resin according to a third embodiment of the present 
invention; 

FIG. 12 is a diagram showing a data table for storing the collected data 
in the first embodiment; 

FIG. 1 3 is a diagram showing a data table for storing the collected data 
in the second and third embodiment; 

FIG. 14 is a graph showing actually measured values and results of 
calculation according to the present invention, of the injection pressure with 
respect to the screw position on conditions of different resin pressures and a 
constant. injecTinn velocity; 

FIG. 15 is a graph showing actually measured values and lesulls of 
calculation according to me present invention, of the injection pressure with 
respect to the screw position on conditions of a constant resin pressure and 
different injection velocities; 
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FIG. 16 is a graph showing evaluation values of resin with respect to 
drying Time of resin; and 

FIG. 17 is an example of a graphical display showing correlation of The 
resin temperature, the injeotion velocity and the injection pressure for various 
kind of resin. 

jJKTAj] .KH DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An injection pressure P 1*3 measured in performing "air shots" of 
injecting resin with a nozzle opened , i.e., without a mold attached to the nozzle 
at predetermined screw positions using material resin of PAMA by an electric 
injection molding machine which performs an injection of resin by a screw 
axially driven by a sei voiuolor. A result of measurement of the injection 
pressure P with variation of the screw position in the air shots with a constant 
injection velocity v under different resin temperatures is shown in FIG . 1 . In 
this example, injections are performed with the injection velocity v of 60mm/s 
and different resin temperatures T of 240" C, 250° C, 260° C, 270* C and 280° 
C. 

Further, the injection pressure P is measured with different injection 
velocities v of 3mm/s, i Smm/s, 30ram/s, 60mm/s and 90mm/s and the result of 
the measurement is shown in FTG 2 Finther, the similar experiments are 
performed with respect to otliei kind of resins and the similar results of 
characteristic curves as shown in KIGS. 1 and 2 were obtained. 

A relationship between the .injection pressure P and the resin 
temperature T at screw positions A 1=1 Oram, A2=20mm, A3-30rnm 3 
A4=40mm, A5-50mm and A6-57.5mm is obtained from the data shown in 
FIG. 1 and shown in FIG. 3. As seen from FIG. 3, the injection pressure P is 
damped with increase of the resin temperature T according to an exponential 
function of The screw position x. It is presumed that the variation of the 
injection pressuie (T. x) with respect to the resin pressure T and the screw 
position x is expressed by the following equation (1). 
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P(T, x) - c(x)e« xyr (1) 

In the equation (1). c(x) represents a proportional coefficient and a(x) 
represents temperature coefficient. 

A relationship between the injection pressure P and the injection 
velocity v at screw positions A1-A5 is obtained from FIG. 2 and shown in FIG, 
A As seen from FIG. 4, the injection pressure P increases with increase of the 
injection velocity v according to a power function of the screw position x. It 
is presumed that the variation of the injection velocity P(v(x), x) with respect to 
me injection velocity v(x) and the screw position x is expressed by the 
hA. following equation (2). 

| P(v(x), x) - d(x)v(x)K*> (2) 

22 This equation is expressed by the following equation (3) using 

If logaiitlun. 

|i logP(T, x) = logc(x) - a(xyr ..... (3) 

FIG. 5 shows the relationship with vertical axis (representing the 
injection pressure P) in FIG. 3 using logarithm as in the equation (3). Each of 
the resin temperatures T shows high linearity. 

Similarly, the equation (2) i3 expressed in the following equation (4) 
using logarithm. 

logP(v(x) s x)-log(x)+pXx)logv(x) (4) 

FIG. 6 shows the above relation with the axis of ordinate (representing 
injection pressure P) using logarithm, and each of the relations shows high 
linearity. 

FIG. 7 shows the relationship among the injection pressure P, the resin 
temperature T and the injection velocity v by combining the relationship shown 
in FIG. 5 and FIG. 6 for three-dimensional visual judgment As shown in FIG. 
7, me relationship among The injection pressure P, the resin temperature T and 
the injection velocity v is represented by substantially one plane although it is 
slightly deformed in the vicinity of temperature of 270° C and the injection 
velocity of 3mm/s. Thus, the resin temperature T and the injection velocity v 
are expressed independently, and the relation on the plane can be expressed by 
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the following equation (5) as a combination of the equation (3) and the 
equation (4). 

logPCT, k) + lug P(v(x), x) « log [P(T, x)xP(v(y), x)] (5) 

Accordingly, the following equation (6) is obtained. 

Pvr (T, v(x), x) - P (T, x)*P(v(x), x) (6) 

where Pvr represents the injection pressure eoiielaled with the injection 
velocity V and the resin temperature T. 

A function representing the interdependency of the injection pressure 
with respect to the injection velocity and the resin temperantre at an arbitrary 
screw position can be expressed by the following equation (7), 

Pvr Of, v(x), x) = c(x)e■ tt(x}T ^d(x)v(x) p(x, 

= A(x)e- rt(y)r v(x) Wv) .... (7) 

In order to effect the temperature and the injection velocity 
independently, the following equation (8) is obtained by taking logarithm of 
both sides of The equation (7) to mske them linear. 

log Pvr (T, v(x), x) - log ACx) - a(x)T + p(x)log v(x) (8) 

in the above equation (8), P(x) represents a degree of dependency on 
the injection velocity influencing ths injection pressure (resin pressure) and 
"log A(x) - a(x)T" represenrs a degree of dependency of the injection pressure 
on the resin temperature. 

Using the following symbols, 

7t=logPvr(T\v(xXx) 

<y - log A(x) 

ifi te log v(x) 

the above equation (8) is expressed as the following equation (9). 

rc = cy-o4x)T + P(x)<& (9) 

In the equation (8), the injection pressure (resin pressure) P (=Pvt) is 
assumed as values of pressure detected by a pressure sensor provided at a distal 
end of a nozzle for detecting a resin pressure at the distal end of the nozzle, or a 
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pressure sensor provided at an injection screw for detecting a picssure applied 
from the resin to the injection screw, the injection velocity v is assumed as a set 
value or a measured value of the actual injection velocity, the resin temperature 
T is assumed as a set value of a nozzle temperature or a cylinder temperature or 
a measured value of the nozzle temperature or the cylinder temperature 
measured by a temperature sensor. The injection pressure P„ the injection 
velocity v and the resin temperature T are obtained in every injection with the 
nozzle open by varying the temperature T and the injection velocity v as 
analysis conditions. A set of parameters fa co, T) for a set of values (P, v, T) 
is obtained and values of the parameters o, a(x), p(x) are obtained according to 
the method of linear least squares Jis shown by the following equation (10) 
using the sets of parameters (jc, O, 1). 

S(ni - a 0(x)ooi + <x(x)Ti) 2 - minimum value (10) 

Tn the equation (10), i represents the number of sets of the obtained data. 
N limes oflnjections are performed with different injection velocity and 
different resin temperature to obtain N sets of measured values (Pi, vi, Ti) (i = 
1 to N) to obtain sets of data (jri, ooi, Ti). 

According to method of least squares, 

Xru-Na- p\x)£eoi + o(x)2iTi - 0 (11) 

Scoi id - oScoi - 3(x)Ea»i 2 + a(x)?Ti - 0 (12) 

iii i 

STi id - cSTi - p(x)ZTicm + a(x)i:Ti 2 = 0 (13) 

ill i 

a (=log A(x)), a(x), £(x) are obtained by solving simultaneous 
equations (11 ), ( 12) and (1 3). Thus, the velocity dependency degree 0(x), 
resin temperature dependency degree (log A(x) - a(x)T) of the injection 
pressure (icsiu pressure) are obtained to evaluate characteristics of resin. 

The above equation (7) expressing the interdependency relation is 
applied to the case where a tlow rate can be expressed by the injection velocity 
using a cross-sectional area of the cylinder and an interdependency relation of 
the injection pressure (resiu pressure) with respect to a flow rate Q of resin and 
the resin temperature T is expressed by the following equation (14). The flow 
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rate Q is equal to a product of the injection velocity and the cross-sectional area 
of the cylinder. 

PqtCT, Q(x). x) = B(x)Q(x)'< x V , * oT (14) 

where P QT represents the injection pressure correlating to the resin flow 
rate Q and the resin temperature T. 

The following equation (15) is obtained by taking logarithm of both 
sides of the equation (14). 

log P Q1 <T, Q(x), x) = log B[x) + y(x)log Q(x) - a(x)T (15) 

In the above equation (15), "y(x) M represents a degree of dependency on 
the flow rate influencing the injection pressure (resin pressure) and "log B(x) - 
a(x)T" represents a degree of dependency of tho injection pressure on the resin 
temperature. 

Using the following symbols, 

Jt = log PqtCT, Q(x),x) 

a - log R(x) 

co - log Q(x) 

the above equation (15) is expressed as the following equation (16). 

71 - o - y(x)uj - u(x)T (16) 

The injection pressure (resin pressure) P, die injection velocity v and 
the Tesm temperature T are obtained in each of N injections (i — 1 to K) with 
the nozzle opened under the different temperature T and the different injection 
velocity v as analysis conditions. The flow rate Q is obtained by multiplying 
the injection velocity v by the sectional area of die cylinder. N sets of 
injection data («i, coi, Ti) for N sets of values (Pi, Qi, Ti) (i = 1 to N) is 
obtained and values of the parameters a 9 y(x), P(x) are obtained according to 
The method of linear leasT squares using the N sets of injection data (wi, coi, Ti). 

iXra - a - y(x)<»i + a(x)Ti) 2 = minimum value (17) 

i 

According lo method of least squares, 

?iri-Na- y(x)Zcoi + a(x)i:Ti = 0 (18) 
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Xo>i Tti - tfEcoi - y(x)Scoi 2 + a(x)rn = 0 (19) 

iii i 

STi Jti - aSTi - y(x)£Tieoi + a^STi 2 -0 (20) 

i l i i 

a (=Iog A(x)), «(x), y(x) arc obtained by solving simultaneous 
equations (1 8), ( 1 9) and (20). Thus, die flow rate dependency degree y(x), 
resin temperature dependency degree (log A(x) - a(x)T) of the injection 
pressure (resin pressure) are obtained to evaluate characteristics of resin. 

A controller of an injection molding machine for constituting a part of 
or an entire arrangement of a resin svaluaring device for carrying out the resin 
evaluating method of the present invention will be described referring to FIG. 
8. 

The couUollci 1 comprises a CNC CPTT 25 as a microprocessor for 
numerical control, a PC CPU 21 as a microprocessor for programmable 
controller, a servo CPU 22 as a microprocessor for servo control and a pressure 
monitor CPU 20 tor performing sampling of signals from pressure sensors 
provided at the injection molding machine for detecting various pressure 
including an injection pressure through an A/D converter 12 and for storing the 
sampled values in a RAM 14. In particular, signals JQuui a pressure sensor 
such as a load cell provided at an injection screw for detecting the inicction 
pressure applied from molten resin to the injection screw are sampled and 
stored in the RAM 14 and also in a data table Tb-1 as injection pressure data 
for evaluating characteristics of resin, as described later Information is 
transmitted among the microprocessors by selecting mutual iuputs/oulputs 
through a bus 30. 

The PC CPTT 21 is connected with a ROM 15 storing a sequence 
program for controlling a sequential operation of the injection molding 
machine and a RAM 16 for temporary storage of arithmetic opeiation data. 
The CNC CPU 25 is connected with a ROM 27 storing an automatic operation 
program for generally controlling the injection molding machine and a RAM 
for temporary storage of arithmetic operation data 

The servo CPU 22 is connected with a ROM 17 storing a control 
program dedicated tor a servo control of processing of a position loop, a 
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velocity loop and a current loop, and a RAM 18 for temporary storage of 
arithmetic operation data. The pressure monitor CPU 20 is connected with a 
ROM 13 storing a control program for pressure monitor and a RAM 14 tor 
storing sampled data of pressure detected by The various sensors 

The servo CPU 22 is further connected with a servo amplifier 19 for 
driving servo motors 10 for respective axes of mold clamping, injection, screw 
rotation, ejector and outputs of position/velociry detectors 1 1 are fed back to 
the servo CPU 22. Present positions of respective axes are calculated by the 
servo CPU 22 based on the position feedback signals from the position/velocity 
detectors 1 1 and stored to be updated in registers for storing presont positions 
of respective axes. In FIG. 8, there are shown the servomotor 10 for driving 
inicction axis (fot axial motion of the screw) and the posirion/velochy detector 
11 provided at the servomotor for detecting a position and a velocity of the 
injection screw, and the other servomotors and position/velocity detectors are 
provided in the similar manner. 

An iulcifaoe 23 is provided for receiving signals from limit switches 
arranged at respective portions of Hie injection molding machine and an 
operation panel, and for transrnitting various commands to peripheral 
equipments of the injection molding machine. In particular, the interface 
receives signals representing detected temperature from a temperature sensor 
provided at a cylinder and a nozzle of the injection molding machine 

A manual data input device 29 with a display is connected to the bus 30 
through a display circuit 26 and capable of displaying graphs and selecting 
function menu and inputting various data through numeral keys and function 
keys. The display device may be a CRT or a T,CD 0irnrid crystal display). 
A communication interface 31 is connected to the bus 30 and a personal 
computer may be connected to the controller 1 through the communication 
interface 31. 

A molding data storage RAM 24 formed hy nonvolatile memory is 
provided for storing various molding conditions and set values concerning the 
injection molding operations, pararr eters and macro variables. A data table 
Tb-1 and a data table Tb-2 are provided in the data storage RAM 2A for storing 
the injection pressure, the screw position, the injection velocity and the resin 
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temperature (nozzle temperature or cylinder temperature) as the measuiemenl 
data tor evaluating characteristics of resin, as described later. 

With the above arrangement, the PC CPU 21controls a sequential 
operation of the injection molding machine, the CNC CPU 25 distributes 
motion commands for the servomotors of respective axes based on the 
operation program stored in the ROM 27 and the molding conditions stored in 
the data storage RAM 24, and The servo CPU 22 performs digital servo 
processing of the position loop, the velocity loop and the current loop in a 
conventional manner based on the distributed motion commands and feedback 
signals of position and velocity from the position/velocity detectors 1 1 . 

2 The resin evaluating device may comprise the above-described 

41 couUollei of Hie injection molding machine, or such controller and the personal 

t* ( computer connected thereto. 

W a first embodiment of the present invention in which the resin 

characTerisrics are evaluated using the controller i of the injection molding 
CI machine and Ihe peisoual computer will be described. 

-ti l ■ . 

5 FIG. 9 shows a flowchart of processing to bo performed by the PC CPU 

W 21 of the controller 1 tor obtaining data for evaluating characteristics of resin, 
fti This processing may be performed by another processor in the controller, such 
as the pressure monitor CPU 20 ami the CNC CPU 25 having capability 
of processing, other than the PC CPU 21 . 

First, time and date of performing the resin evaluation, land of injection 
molding machine, a cress-sectional area of the cylinder, kind of resin, a lot 
number of resin, molding conditions (as the analysis condition), and timber 
values of cylinder temperature (and'or nozzle temperature) for evaluating Qie 
resin under variety of resin temperature as one of the analysis condition are set. 
In mis embodiment, "1" number of resin temperatures TCi (i = 0 to 1-1) are set. 
Also, *T* number of injection velocities Vj (j = 0 to J-l) are set for varying the 
injection velocity as one of the analysis conditions. 

When a command for evaluating the resin from the MDI 29 in a state 
where the nozzle of the injection molding machine is opened, the pressure 
monitor CPU 7.0 reads the time and date of the resin evaluation, the kind of 

i a 
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injection molding machine, the kind of resin, the cross-sectional area of the 
cylinder, the lot number of the resri and the molding conditions, and stores 
them in the data storage R AM 24 as The resin evaluation data (Step Al ). Then, 
the pioeessoi sets the number M of sampling periods corresponding to a set 
maximum injection time period (Step A2). Indexes N, i and j aie set to "0" 
(Step A3) and a value of the resin temperature TCi indicated by the index "i" is 
read and set as the set temperature of the cylinder (and/or the nozzle) (Step A4). 
Then, a value of die injection velocity Vj indicated by the index j is read and 
set as the injection velocity as the injection condition when the detected value 
of the temperature sensor provided at the cylinder (and/or the nozzle) reaches 
the set resin temperature (Step A5) . A counter m for counting the number of 
sampling times is set to "0" and The injection is started (Step AS). 

The resin pressure (resin pressure) Pr detected by (lie pressure detector, 
such as a load cell, provided at the screw and for detecting the resin pressure 
applied to the screw from the resin is read by the pressure monitor CPU 20 
through The A/D converter 12. Trie present position SP of the screw is 
obtained by the servo CPU based en The feedback signals from the 
position/velocity detector 1 1 and stored iu (lie present position register. The 
injection pressure (resin pressure) Pr and the present position SP of the screw 
are read and stored in a register as Pr(m) and SP(m), respectively, with the 
index value af"m n (Step A8). Tr is determined whether or not the value of the 
couulci in leaches die set value M (Step A9). If the value of the counter m 
docs not reach the set value M, the counter m is incrementally inci eased by "1 " 
(Step A10) and the procedure retuos to Step A7. Subsequently, the 
processing of Steps A7-A10 are executed repeatedly at every sampling period 
to store the injecrion pressure (resin pressure) Pr and the screw position SP. 

When the value of the counter m reaches the set number M of the 
sampling periods which corresponds to the maximum injection time period, the 
present value of the mdex N, the present set values of the resin temperature 
TCi and The injection velocity Vj, The value of the counter m, the injection 
pressures (resin pressures) Pi(0>PiCM)» *e screw positions SP(0)-SP(M) are 
stored in the table Tb-1 provided in the data storage RAM 24, as shown in FIG. 
12 (Step All). 

1 4 
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Then, the indexes N and j are increased by "1" (Steps A13) and it 
is determined whether or not the index j reaches the set value J of the injection 
velocity (Step A 14) and if The index j does not reach the set value J, the 
procedure returns to Step A5 where a value of the injection velocity Vj 
indicated by Hie index j is set and the processing of Step A<5 and the subsequent 
Steps is performed. 

Then, the processing of Steps A5-A14 is repeatedly executed until the 
index j reaches the set value J so as to fill the data table Tb-1 as shown in FIG. 
12; 

When the index j reaches the index J, the index i is incrementally 
inci cased by "1 " (Step A15) and it is determined whether or not the index i 
reaches the set value I (Step A16). If the index i does noT reach the set value I, 
the index j is set to "0" (Step A17) and the procedure returns to Step A4 where 
the resin temperature (cylinder temperature) is set to the next value of TCi and 
the processing of Step A5 and the subsequent Steps is started when it is 
determined that the icsiu temperature reaches the new set temperature. 

Subsequently, the processing of Steps A4-A17 is repeatedly executed 
until the index i reaches the set value I so as to fill the data tabic Tb-1 . 

Thus, the resin temperamre TCi, the injection velocity Vj, the value of 
the counter m for counting the number of sampling times, the screw positions 
SP(Q)-SP(M) arc stored for every index N. The injection velocity varying 
from V(O) to V(J-1) and the value of the counter m representing the time period 
from a Starr of injection from 0 to M, the injection pressure varying from Pr(0) 
to Pr(M.) and the screw position varying from SP(0) to SP(M) for each off 
combinations of one resin temperature TCi and the J number of injection 
velocities Vj. As a result, the (I*J) number of combinations of the data 
indicated by the index N varying from "0" to (Lf-1) are stored in the tabic Tb-1 . 

When the data collection processing is completed, the data stored in the 
data table Tb-1 , the preset data of the lime and date of resin evaluation, the 
kind of injection molding machine, the cross-sectional area of the cylinder, the 
kind of resin, the lot number of resin, the molding conditions are sent to the 
personal computer through the communication interface 31. 
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In the personal computer, i\ is selected that the resin evaluation is to be 
performed using the injection velocity or the flow rate of resin and one of the 
screw positiou and the point in time is selected for indicating the injection 
pressure (resin pressure). The selection of the injection pressure (resin 
pressure) is to set by an appropriate screw position or a point in time which is 
suitable for evaluating the resin characteristics* for example, by setting a screw 
position or a point in time ar which the injection is completed and a pressure 
holding process is to be started* 

In the case where the screw position is selected as the factor of 
selecting the injection pressures (resin pressures) and the appropriate value of 
the screw position is set, the position SP equivalent or closest to the set value 
of the screw position is selected from the data table Tb-1 and the injection 
pressures (resin pressures) corresponding to the set screw position are 
determined. Alternatively, the values of the injection pressure (resin pressure) 
Pr may be determined by interpolation to correspond to the set screw position- 
Then, the N number of combinations (Pr, V, TC) (=CP, v, T)) of the N number 
of values of the injection pressure (.icsin pressure), values of the injection 
velocity and values of the resin temperature are determined. 

Tn the case where the time is selected as the factor of determining 
values of the injection pressure (resin pressure) and an appropriate point in 
time is set, values of the injection pressure (resin pressure) Pr(m) indicated by 
the counter m which corresponds to the set point in time aie read and the N 
number of combinations (Pr, V, TC) of the N number of values of the injection 
pressure (resin pressure), values of the injection velocity and values of the resin 
temperature are determined. 

Further, when the injection velocity is adopted as the analysis condition 
for analyzing the resin, the ternary simultaneous equations (1 1)-(13) are solved 
based on the combinations (Pr, V, TC) of the W number of values of the 
injection pressure (resin pressure), the values of the injection velocity and the 
values of the resin temperature* to obtain a (=log A(x)), a(x) and P(x) Thus, 
the resin characteristics arc evaluated based on the velocity dependence degree 
p(x) and the resin temperature depe:idence degree "log A(x) - a(x)T\ The 
interdependence coefficient among "lie resin temperature, the injection velocity 



■02 03/06 16:14 FAX 03 3502 2570 WMM$M ■» STAAS &HALSEY 1018/045 



and the injection pressure (resin pressure) is obtained according to the equation 

In the case where llie flow rate of resin is adopted as the analysis 
condition for analyzing the resin, a value of the flow iale Q is obtained by 
multiplying the injection velocity by the cross-sectional area of the cylinder to 
obtain the combinations (Pr, Q, TC) of the N number of values of the injection 
pressure (resin pressure), values of the flow rate and values of the resin 
temperature. Then., the Iciuaiy simultaneous equations (18)-(20) are solved ro 
obtain a (Hog B(x)), ci(x), y(x). Thus, the resin characteristics are evaluated 
based on the flow rate dependency degree y(x) and the resin temperature 
dependency degree "log B(x) - a(x)I 0> . The interdependence coefficient of 
the icsiii temperature with respect to the injection velocity and the injection 
pressure (resin pressure) is obtained according to the equation (14). 

In the above-desenbed first embodiment, the injection pressure (resin 
pressure) Pr(m) and the screw position SF(m) are obtained at every sampling 
lime period and these data are sent to the personal comptiter. Alternatively, 
the screw positions or llie points in time from the start of injection at which the 
injection pressure (resin pressure) is detected is set in advance, and the 
injection pressure (resin pressure) Pr is detected and stored at the set positions 
or the set points in time so that the combinations (Pr, V, TC) of the N number 
of injection pressure (resin pressure), the injection velocity and the resin 
temperature arc sent to the personal compute! foi analyzing the data. 

in the foregoing first embodiment, the collection of data and the data 
analysis are separately carried out by the controller of the injection molding 
machine and the personal computer connected to the controller, respectively. 
In the following second and third embodiments, both of The collection of data 
and the data analysis arc carried out by the controller of the injection molding 
machine. 

FIG, 10 shows a flowchart of resin evaluating processing to be 
performed by the PC CPU 21 in the controller of the injection molding 
machine according to the second embodiment. The processing of Steps Bl, 
B2 and B4 in this embodiment is equivalent to the processing of Steps Al, A2 
and A3 in the first embodiment and thus description thereon is omitted. In 
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this embodiment, Step B3 of setting predetermined screw positions SPs(— Xs) 
at which the injection pressure (resin pressure) is detected is added. Further, 
the processing of Steps B5-B7 of setting a value of the set temperature TCi 
indicated by the index i as Qie cylinder temperature, waiting until the resin 
temperature (cylinder temperature) reaches the set temperature* selling a value 
of the set injection velocity Vj indicated by the index j, setting the counter m to 
"0 s * and starring an injection is the same as the processing of Steps A4-A6, and 
therefore the detailed description is omitted 

When an injection is started, the injection pressure (resin pressure) Pr 
and the screw position SP^^x) are :read (Step B8 as in Step A7 of the first 
embodiment) and it is determined whether or not the read screw position SP 
(-*) is equal to or less than the set position SPs(=Xs) (Step B9). Tf it is 
determined that the detected screw position SP is greater than the set position 
SPs (SI-^SPs), it means that the screw does not reach the set screw position 
SPs since an origin is set to a distal end of the cylinder and a positive direction 
of an axis of abscissa is set to direct to a proximal end of the cylinder in a 
coordinate system of the screw position. In this case, it is delennined whether 
or not the value of the counter m reaches the set sampling times M 
corresponding to the maximum injection time period (Step BIO). If the value 
uf the counter m does not reach the set sampling times, the value of the counter 
m is incrementally increased by "1" (Step Bl 1) and the procedure returns to 
Step B8. Subsequently, the processing of Steps B8-B1 1 is repeatedly 
executed at every sampling period. In Step BIO, if it is determined that the 
counter in reaches the set sampling times M, the procedure proceeds to Step 
B12. 

If it is determined that the read screw position SP is not greater than the 
set position SPs (Step R9), the present value of the index N, the present resin 
temperature (cylindei temperature) TCi set in Step B5, the present injection 
velocity Vj set in Step B6 and the injection pressure (resin pressure) Pr read in 
Step B45 are stored in the data table Tb-2 provided in the data storage RAM 24, 
as shown in FTCr I ^ (Step B12). 

Thc indexes N and j are incrementally increased by "1" (Step B13, 
B14) and it is determined whether cr not the index j reaches the set value J 
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(Step B 1 5). If the index j has noi: reached the index J, the procedure returns to 
Step Rfi where the next value of the injection velocity Vj indicated by the index 
j is set and Hie processing of Steps B7 and the subsequent Steps is executed. 
In this manner, when the index, j reaches the set value J, data with the index N 
from 0 to J-l, the resin temperature (cylinder temperature) of TCO,, the 
injection velocity from Vo to V(J-1), the detected injection pressure from PrO 
tu Pr(J-l) are stored in the table Th-2. 

When it is determined that the inde* j reaches the set value the index 
i is incrementally increased by "V (Step B16) and it is determined whether ui 
not the index i has reached the set value I (Step BI7)> If the index i has not 
reached die set value I, the index j is set to **CT (Step B i 8) and the procedure 
returns to Step B5. The next value of the temperature TCi indicated by the 
index i is set to as the cylinder temperature and the processing of Stey B6 and 
the subsequent Steps is performed after waiting elapse of time until the resin 
tempei atui e (cylinder temperamre) reaches the set temperature TCi Then, 
the processing of Steps B5-B17 is perforated until the index i reaches the set 
value I, and when the index i has reached the set value I* the procedure 
proceeds from Step B17 to Step B19. In this point in time, the resin 
temperatures (cylinder temperatures) TC, the injection velocities V and the 
injection pleasures (resin pressure) Pr with the index varying from 0 to (i*j -1) 
are stored in the data tabic Tb-2, 

An analysis for evaluation of resin is performed based on the data in die 
data table Tb-2 in Step Bl 9. Tn the case where the analysis is to be performed 
using the injection velocity, the simultaneous equations (1 1><13) are solved 
based on the combinations (Pr, V, TC) of the N number of values of the 
injection pressure (resin pressure), values of the injection velocity, values of 
the resin temperature (cylinder temperature), to obtain a (=log A(x)), a(x), J3(x). 
Then, the resin characteiislic is evaluated using the velocity dependence degree 
P(x) and tlic resin temperature dependence degree (lug A(x) - a(x)T). Also, 
the interdependent relationship function expressed by the equation (7) 
representing correlarion among the xesin temperature, the injection velocity and 
the injection pressure (resin pressure) is obtained and the obtained velocity 
dependency degree p(x), the resin dependency degree Gog A(x) - u(x)T) and 
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the interdcpendency relation function are displayed on the display device to 
complete the resin evaluation processing. 

In the case where the flow rate of resin is sdlected for evaluation of 
resin, the flow rate Q is obtained by multiplying the cross-sectiunal area of the 
cylinder by the injection velocity, to obtain the combinations (Pr, Q, TC) of the 
N number of values of The injection pressure (resin pressure), values of the 
flow rate, values of the cyliudci (resin) temperatures. Then, The simultaneous 
equations (18)-(20) arc solved to obtain a (-log B(x))» y(x), a(x), and the flow 
rate dependence degree y(x) and the resin temperature dependence degree (log 
B(x) - a(x)T), to evaluate the resin characteristics. Also, the interdependency 
relation function representing correlation among the resin temperature, the 
injection velocity and the injection pressure (lesin pressure) expressed by the 
equation (14) is obtained and the obtained flow rate dependency degiee y(x), 
the resin temperature dependency degree (log B(x) - a(x)T) and the 
interdeycudency relation function are displayed on the display device to 
complete the resin evaluation processing. 

FIGS- I A and 15 show results of calculations according to the equation 
(7) and the acnial measurement values of the injection pressure with respect to 
the screw position. FIG. 14 shows variation of the injection pressure with 
respect to the screw position at a constant injection velocity of 60mm/s under 
different resin temperatures T. FIG. 15 shows variation of the injection 
pressure with respect to the screw position at a constant resin temperature of 
240 n C and under different of injection velocities V. 

As can be seen from FIGS. 14 and 15, the calculated values and the 
actualJy measured values substantially coincide with each other. Thus, it is 
considered That the equation (7) expresses the relationship between the pressure 
dependence chaiaclerislics and the injection velocity and resin temperature 
dependence characteristics. The resin characteristics can be evaluated based 
on the velocity dependency degree 3(x), the resin temperature dependency 
degree (log A(x) - ct(x)T) of the injection pressure (resin pressure) obtained 
according to the equation (7). 

FIG. 16 shows resin evaluation values with respect to drying time of 
resin. The velocity dependence degree fJ(x) and the resin temperature 
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dependence degree (log A(x) - a(x)T) are obtained according to the equation 
(8) as the interdependence relationship function with respect to the drying time 
of the resin. As shown in FIG. 1<), the velocity dependence degree p(x) and 
the resin temperature dependence degree (lo£ A(x) - a(x)T) varies with 
variation of the drying time of resin, and the interdependent relationship among 
the injection pressure (resin pressure) the injection velocity v and the resin 
teniperaluic T changes therewith. 

The equation (7) or (14) expressing the interdependent relationship 
function thus determined may be stored for each kind of resin in the memory, 
and Che interdependency relation may be displayed as a graph based on the 
intcrdependency i elation function for a designated resin, for the benefit of 

3 grasping the resin characteristics and setting optimal molding conditions. 

# • 

FTG. 17 shows distribution status of the injection pressure for various 
m kinds oficsiu under different injection velocities with an axis of abscissa 
|| representing the resin teniperaluic and an axis of ordinate representing the resin 
i temperature. The injection pressure with respect to the resin temperature is 
M indicated with the kind of resin designated and the resin temperature range and 
rj the injection velocity designated . In this example in MICr. 1 7, characteristics 
H of different kinds of resin "POM", "ABM". "PBM" and <C PA66" are shown 
gj with different injection velocities "1 30imn/3", "lOOmni/s". "70inin/s*\ 

4k 4Umni/s v and "lOinm/s" (the uppermost line indicates "130mm/s" and the 
dowrrmost line indicates 4 *1 Omm/s)" and different ranges of the resin 
temperature. 

In setting the molding conditions, an operator commands tu display a 
graph showing the relationship between the injection pressure and the resin 
temperature for The kind of resin to be used, as shown in FIG. 17, on the 
display device of the manual data input device 29 or the personal computer, 
and refers to the display of the graph with respect to the other resin to find the 
characteristics of the injection pressure with respect to the resin temperature 
similar to the resin to be used. If there is a kind of resin having the similar 
characteristics, the operator may refer to the molding conditions already set for 
the resin in setting the molding conditions for the land of icsin tu be used. 

Further, as shown in FIGS. XA and 15, an operator may refer to the, 

2 l 



02 03/06 16:16 FAX 03 3502 2570 l^hHWHM + STAAS&HALSEY 1023/045 



display of the graphs showing results of arithmetic operation according to the 
equations (7) or (14) on the injection pressure with respect to the screw 
position under diffeienl leshi temperatures and different injection velocities to 
select the molding conditions to cany out Ihc selling of molding condition 
easily. 

Furthermore, based on the results of the arithmetic operations, the 
relationship between die infection pressure and Che resin temperature may be 
displayed in a similar manner as shown in FIG. 3, and the relationship between 
the injection pressure and the injecion velocity may be displayed in a similar 
manner as shown in FIG. 4. Thus,, rhe influencing degrees of the resin 
1^ temperature and the injection velociCy on the injection pressure can be 
§3 recognized visually to contribute to the setting of the molding conditions, 

* Tn The foregoing first and second embodiments, the injection pressure 

y (resin pressme) Pi is obtained with respect to the screw position. 

Alternatively, the injection pressure may be measured with respect to an 

iff 

elapsing time from a start of injection instead of the screw position and the 
O relationship among the injection pressure, the resm temperature and the 
Jf injection velocity as expressed by tae equations (7) and (14) may be obtained 

based on the measured injection pressure with respect to the elapsing time 

§ Such method will be described referring to FIG. 1 1 as a third embudiinenL 

ft j 

Tn the third embodiment, the processing of Steps C1-C7 is equivalent to 
ilie processing of Steps B 1 -B7 in the second embodiment but differs in that 
points ms in time elapsing from a start of injection are set in Step C3 instead of 
setting the screw positions SPs in Step B3 and that the counter m stoics the 
elapsing time from the start of injection. Therefore, detailed description of 
the processing in Steps C1-C7 are emitted. 

After the resin temperature ( cylinder temperature) TCi is set (Step C5) 
and the injection velocity Vj is set (Step C6) 7 an injection is started (Step C7) 
and the procedure waits until the counter m measuring the elapsing time from 
the stait of injection reaches the set value ms (STep C8). When the counter 
reaches the set value ms, the injection pressure (icsiu pressure) Pr is read (Step 
C9) and the present value of the index N, the present resin tcairocrature 
(cylinder temperature) TCi set in Step Cb, the present injection velocity Vj set 
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in Step C6 and the injection pressure (resin pressure) Pr read in Step C9 arc 
stored (Step CI 0). Subsequent processing of Steps CI 1-C17 is the same as 
the processing of Steps Bl 3-B 1 9 in die second embodiment. 

In particular, the index N and the index j arc incrementally increased by 
"1" respectively and the processing of Steps C6-C13 is repeatedly executed 
until the index j reaches the set value J When the index j reaches the set 
value J, the index i is incrementally increased by "1** and the processing of 
Step C5 and the subsequent Steps is repeatedly executed until the index i 
. reaches the set value 1 after the index j is set to "0" At the time when the 
index i reaches I, the data table Tb- 2 as shown in FIG. 13 is completed. The 
processing equivalent tu thai of Step B19 in the second embodiment is 
q performed in Step CI 7 based on the data table Tb-2, to obtain and display the 
;J3 interdependence relation function, etc. in the same manner as the second 
H embodiment 

J}{ In the foregoing embodiments* die pressure sensor such as a load cell 

> for detecting the pressure applied from the molten resin (injection pressure) to 
JH the screw, however, any sensor capable of detecting the resin pressure may be 
O used. For example, a pressure sensor provided at the distal end of the cylinder 

or die nozzle may be used for detecting die resin pressure for analyzing The 
Jp resin. Further, the cylinder temperature is adopted as the resin temperature in 

the foregoing embodiments, however, die nozzle temperature may bo adopted 

as the resin temperature. It is preierable to adopt the detected value well 

representing the resin temperature. 

According to the present invention, resin characteristics are analyzed 
using an injection molding machine without using a special measuring device 
dedicated for analyzing the resin characteristics. The evaluation of resin is 
based on die numerical data obtained in performing injections under the same 
conditions as that in an actual injection using the injection molding machine. 
Thus, die data well representing the resin characteristics contributing to die 
actual molding operation can be obtained in a simple manner, to improve 
quality of molded products. 
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